To study the underwater positioning problem of autonomous underwater navigation (AUV) based on underwater acoustic ranging information. Combined with the data representation method of the factor graph, an AUV position estimation method based on the probabilistic graphical model is presented. The factor graph modeling method of the dynamic system is deduced in detail, and the sum-product algorithm is used to solve the parameters to obtain the estimation of the AUV position. Comparing the extended Kalman filter algorithm (EKF) with the proposed algorithm and using MATLAB simulation, the AUV cooperative navigation algorithm based on factor graph can estimate the position information of AUV more accurately and has better estimated effect in the case of weak noise.
INTRODUCTION
At present, many countries attach great importance to ocean development. Autonomous underwater vehicle (AUV) equipped with multiple sensors has gradually become an important tool for ocean exploration. With the expansion of marine research area and the complexity of military requirements, the independent operation of a single underwater vehicle will not meet the requirements of the target. Under this background, multi-underwater vehicle cooperation system emerges as the times require, and gradually becomes the mainstream trend and important development direction of underwater vehicle application field. Multi-AUV cooperative navigation uses shared navigation information to get rid of the shackles of underwater array or surface craft, and has a wider range of autonomous positioning.
Current navigation systems mainly use the extended Kalman filter (EKF) to filter. In reference [1] [2] [3] , the lowprecision DVL-compass is used as navigation sensor, the underwater acoustic ranging information is used as observation, the two-dimensional kinematics model of AUV is adopted, and the extended Kalman filter algorithm is used to estimate the position of AUV. However, there are some problems such as non-linearity and time delay in the actual situation, so it is necessary to increase the amount of calculation and reduce the positioning accuracy. To solve these problems, Frank Dellaert of the Georgia Institute of Technology and Michael Kaess of the Massachusetts Institute of Technology used factor graph for state estimation [4] [5] [6] . This method can filter and smooth the nonlinear model and process the multi-state correlation measurement information. Therefore, this paper proposes a new AUV positioning method, namely AUV cooperative navigation positioning algorithm based on factor graph. The algorithm proposed in this paper reduces the computational complexity, shortens the calculation time and improves the positioning accuracy. For modern high-precision sensors, it has more higher estimation accuracy. Simulation results show that the proposed algorithm can accurately estimate the position information of AUV and has better estimated effect in the case of weak noise.
SYSTEM MODEL
The depth of AUV can be directly measured by depth senor. In order to simplify the kinematics model and reduce the dimension of recursive state, As shown in Figure 1 , the plane motion state of AUV is defined as
, which represents the position coordinate and yaw angle respectively in AUV navigation coordinate system. The 2-D discrete kinematic model with a sampling period of T is described as follows:
Where k V is the velocity measured with DVL, and k w is the Yaw angular velocity measured with compass.
Assuming that the sensor measurement inputs in the actual model are subject to white Gaussian noise, then the measurement input, the real input, and the sensor noise are
, ,
k w is white Gaussian noise process with zero mean and known covariance, described as follows:
So the two-dimensional kinematics equation of AUV can be abbreviated as:
where
Assuming that AUV receives the position information from n leaders at 1 k + moment, the observation equation is obtained as follows:
Where
is zero mean white Gaussian noise.
Assuming that AUV be independent of the observed noise of each leader, and its covariance matrix is:
Since the kinematics equation of AUV is nonlinear, the linearized error equation can be obtained by expanding f into Taylor series around the filter value ˆk X and retaining the zero-order and first-order terms [7] .
X is the difference between the real state and the estimated state at i time.
The AUV equation of motion after linearization (4) is as follows:
The state transition function can be obtained as follows:
FACTOR GRAPH AND THE SUM-PRODUCT ALGORITHM
Originally in the 1990s, factor graph was extended from Wiberg graph, Tanner graph and other models by F.R.Kschischang [8] . The factor graph model has strong flexibility and can realize plug-and-play of sensors. It has been widely concerned in the field of navigation [9] . Factor graph is a kind of bi-directional graph, which can divide a complex multivariate global function problem into multiple simple subfunctions. The factor graph consists of two nodes: variable nodes and function nodes. Each edge is connected to a variable node (circle) and a function node (square). The function node represents the local function, and the variables connected to it are its independent variable [10] . Assuming  that  the  global  function  is   1  2  3  4  1 1  2  2  3 1 2  3  4 ( , , , ) ( ) ( ) ( , , , ) [11] . The rule of message passing algorithm used for factor graphs is the sum product algorithm [12] . The specific formula is as follows:
1.The belief information passed from the variable node to the function node is:
The belief information passed from function node to variable node is:
3.From the above two rules, we can deduce that the belief information of the variable nodes is: The above rule is the basic idea of the sum-product algorithm. By using the sum-product algorithm to calculate the variables, the local solution of the global problem is realized, which significantly reduces the complexity of the algorithm. The algorithm proposed in this paper will be derived using the above rules in Section 4.
AUV COOPERATIVE NAVIGATION ALGORITHM BASED ON FACTOR GRAPH
It can be known from Equations (7) in Section 2 that the AUV position estimation process estimates the AUV position information from GPS observations, so the model can be written as the conditional probability density function X and satisfies the hidden Markov model condition, so the conditional probability density function can be factorized as follows:
The factor graph of equation (14) is represented as Figure  3 , where function node The AUV position estimation algorithm based on the factor graph model is deduced by taking the 1 k + moment in the dotted frame in Figure 3 as an example. According to the formula (11), the message from
Where ˆ, The formula (10) and the formula (17) are substituted into (16), and the prediction message
Since the X-axis of the Y-axis is independent of each other, it can be simplified to multiple one-dimensional problems.
Assuming that all variables in Figure 4 obey Gaussian distribution, including function node , ,
A B C and variable node
The constraint relation of function node , i i A B is:
The constraint relation of function node i C is:
Using the function node i C to update the belief information of variable node The formula (11) can be obtained. 
the product of multiple Gauss distributions is also a Gauss distribution, it can be expressed as: The use of formula (13) can be obtained.
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SIMULATION
In order to verify the effectiveness of AUV location algorithm based on factor graph model, MATLAB simulation is carried out in this paper. The proposed algorithm is compared with the extended Kalman filtering algorithm in reference [1] . In the simulation, the twoleaders AUV moves at the speed of 1 The simulation results are as follows. It can be seen from Fig. 5 that the AUV localization algorithm using the factor graph can effectively estimate the position information. When the AUV performs circular motion in (60, 150) and (210, 300) time periods. The positioning error increases by using the extended Kalman filter algorithm and the algorithm proposed in this paper has been very stable and is less affected by the motion state of AUV. It can be seen from Table 1 that the proposed algorithm can effectively reduce the error of GPS positioning results, and the accuracy is improved by about 69%, and the estimation accuracy is obvious. Higher than the positioning accuracy of the extended Kalman filter algorithm, the accuracy is improved by about 60%. It can be seen from the first 200 seconds of Figure 6 and Figure 7 that the proposed algorithm converges faster. The error of AUV location estimation mainly depends on the size of the observed noise covariance. In order to verify the effect of the observation noise covariance on the localization algorithm, the simulation environment setting is consistent with the above, and the observation noise covariance m . The simulation results are shown in Figure 9 . The error of the factor graph algorithm is obviously smaller than that of the extended Kalman filter algorithm. Figure 10 shows the multiple between the positioning error of the EKF algorithm and the factor graph algorithm. It can be seen that the positioning effect of the factor graph algorithm is obviously better than that of the EKF algorithm in the weak noise environment. With the increase of the observation noise. Additionally, the difference between the positioning errors becomes smaller gradually, so the proposed method is more suitable for AUV positioning estimation in the case of weak noise. 
CONCLUSION
In this paper, an AUV cooperative navigation localization algorithm based on factor graph is proposed. Simulation results show that this algorithm can effectively estimate the position information of AUV. Comparing with the extended Kalman filter algorithm in reference [1] , it is found that the localization accuracy is higher, the convergence speed is faster, and the AUV can be better estimated in the case of weak noise. With the continuous improvement of sensor technology, sensor accuracy will become more and more accurate, so the algorithm proposed in this paper is more suitable for future application scenarios. 
